BACKGROUND
Steigenvald Lake National Wildlife Refuge (NWR, refuge) was established as a result of the U. S. Army Corps of Engineers (COE) transferring ownership of the Stevenson tract located in the historic Steigerwald Lake site to the U.S. Fish and Wildlife Service (FWS, Service) for the mitigation of the fish and wildlife losses associated with the construction of a second powerhouse at the Bonneville Dam on the Columbia River and relocation of the town of North Bonneville (Public Law 98-396). The construction project was completed in 1983 and resulted in the loss of approximately 577 acres of habitat on the Washington shore of the Columbia River (USFWS, 1982) . The COE determined that acquisition and development of the Steigenvald Lake area, along with other on-site project management actions, would meet their legal obligation to mitigate for these impacts (USCOE, 1985) . Mitigation requirements included restoration and enhancement of this property to increase overall habitat diversity and productivity.
From 1994 to 1999, 3 17 acres of additional lands, consisting of four tracts of contiguous land, were added to the original refuge with Bonneville Power Administration (BPA) fbnds provided through the Washington Wildlife Mitigation Agreement. These tracts comprised Straub (191 acres), James (90 acres), Burlington Northern (27 acres), and Bliss (9 acres). Refer to Figure 1 . Under this Agreement, BPA budgeted $2,730,000 to the Service for "the protection, mitigation, and enhancement of wildlife and wildlife habitat that was adversely affected by the construction of Federal hydroelectric dams on the Columbia River or its tributaries" in the state of Washington (BPA, 1993) .
Lands acquired for mitigation resulting from BPA actions are evaluated using the habitat evaluation procedures (HEP) methodology, which quantifies how many Habitat Units (HUs) are to be credited to BPA. HUs or credits gained lessen BPA's debt, which was formally tabulated in the Federal Columbia River Power System Loss Assessments and adopted as part of the Northwest Power Planning Council's Fish and Wildlife Program as a BPA obligation (BPA, 1994) .
PROJECT SETTING
Steigenvald Lake NWR is located in southwest Washington (Clark County), within the Columbia River Gorge National Scenic Area. Historically part of the Columbia River flood plain, the refbge area was disconnected from the river by a series of dikes constructed by the COE for flood control in 1966. An aerial photograph from 1948 portrays this area as an exceedingly complex mosaic of open water, wetlands, sloughs, willow and cottonwood stands, wet meadows, upland pastures, and agricultural fields, which once supported a large assemblage of fish and wildlife populations.
Eliminating the threat of periodic inundation by the Columbia River allowed landowners to more completely convert the area into upland pasture and farmland through channelization and removal of standing water. Native pastures were "improved" for grazing by the introduction of non-native Figure 1 . Slraub, James. Burlington Northern (ANT. LLC), and Bliss tracts.
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fescues, orchard grass, ryegrass, and numerous clovers. Although efforts to drain the lake were not entirely successfbl, wetland values were still significantly reduced.
HEP CONCEPTS
HEP is a method developed by the FWS in the early 1970s for use in impact assessment and project planning. HEP may be used to rate the quality and quantity of habitat in order to quantify the impacts of changes made through land and water development projects and to document baseline habitat information as a gauge for fbture habitat modification (Stiehl, 1998) . HEP may also be adapted for use as a tool in project planning, impact assessment, mitigation and compensation, and habitat management by providing information for the relative value of an area at different points in time.
HEP is based on the assumption that the habitat quality for a selected wildlife species can be described by a Habitat Suitability Index (HSI). This index value ranges from zero (no habitat value) to one (optimum habitat value). The HSI is multiplied by the area of appropriate habitat to get the Habitat Unit. The HU measures the suitability of habitat for a selected wildlife species when compared to optimum habitat. In HEP, the measure of habitat value is stated as:
Habitat Value = Habitat Quantity X Habitat Quality or Habitat Unit (HU) = Area X Habitat Suitability Index (HSI) Along with HEP, the FWS developed and published "Blue Book Species Models". These models can be used as is or modified as necessary to reflect local habitat conditions and wildlife requirements. A species model can also be constructed from basic life history information. In general, a single HEP model is used to represent a guild of species for each cover type, meaning, the HSI values can represent the habitat quality for a range of species using the same habitat.
Please see Appendix A for a partial list of species which can be observed at Steigerwald Lake NWR.
GOAL
The goal for the Steigenvald Lake NWR HEP is to qualify and quantify baseline habitat conditions on the Straub, James, Burlington Northern, and Bliss tracts in order to determine how many HUs will be credited to BPA. This report documents existing habitat units for wildlife and forecasts potential habitat units which are projected to develop within the next 1 5-year period.
DESCRIPTION of STUDY AREA and REFUGE MANAGEMENT OBJECTIVES
The study area is comprised of 3 17 acres which encompass the eastern portion of historic Steigenvald Lake and consists of six major vegetative cover types, which are grassland/pasture, emergent wetland, open water, mixed oak forest, riparian shrub, and developedhlackberry. The cover types were determined from a 1998 black and white aerial photograph, recent Geographic Information System (GIs) data layers, and site visits. Refer to Table 1 for the acreage and cover types of each tract. Currently, thirty percent of the study area is grassland/pasture, which has been heavily grazed until recent years. About 60 acres on the south part of the Straub tract continues to be grazed as part of an agreement with an adjacent landowner. The wetlands are primarily palustrine ernergent/persistent wetlands according to the U.S. Fish and Wildlife Service Cowardin System of Classification (Cowardin et al, 1979) . The predominant plant species present is reed canary grass Following the addition of the BPA purchases to the refuge, limited funding curtailed efforts to restore pre-dike hydrology. A dike and water-control structure were constructed along the west boundary of the Straub tract in 1996 to block a ditch that partially drained the historic lakebed, providing the opportunity to manage water levels and create both permanent and semi-permanent wetlands.
The Service is currently in the preliminary stages of developing a Comprehensive Conservation Plan (CCP) for Steigenvald Lake NWR. The CCP will provide management guidance for all activities that will occur over the next 15 years. Refuge personnel intend to pursue an active and aggressive program to restore and enhance wetland, riparian, and upland habitats to benefit a diversity of migratory and resident fish, wildlife, and plants. The primary focus of habitat improvements and management practices will be for the species and habitats that were affected by the construction and operation of Bonneville Dam on the Columbia River and its tributaries. The lowlands will be restored to a mosaic of open water, seasonal wetlands, sloughs, wet meadows, and cottonwood-willow stands. A continuous band of riparian vegetation will be established along the Columbia kver, and natural riverine processes will be allowed to occur within the context and constraints of adjacent land uses and ownerships. Upland habitats will be managed to support increased species richness and diversity through the establishment and enhancement of native grasslands and oak woodlands.
Although a specific restoration plan has not yet been developed, proposed restoration alternatives include Himalayan blackberry removal from the Straub property and reestablishment of a white oak savannah plant community, increasing the acreage of this presettlement cover type. The existing mixed oak forest will be maintained. In addition, some of the grassland/pasture may be restored to native grasses and forbs. Where possible, the lake will be allowed to return naturally to a seasonal emergent wetland. Water level management and discing will be used to establish a moist soil vegetation plant community and reduce the acreage of reed canary grass from the emergent wetland. The southern edge of the lake (Straub tract) will also be returned to riparian habitat consisting of willows and cottonwood. The area between the Columbia River and the dike will be cleared of Himalayan blackberries and planted with riparian species such as willow, cottonwood, red-osier dogwood (Cornus sericea), and rose (Rosa ssp.). 
SELECTION OF EVALUATION SPECIES
Seven wildlife species were used to assess habitat loss or gain due to the Bonneville Dam project. These included the lesser scaup, great blue heron, Canada goose, spotted sandpiper, yellow warbler, black-capped chickadee, and mink. Published models, available from the FWS, were used for the lesser scaup (wintering), great blue heron, mink, yellow warbler, and black-capped chickadee (Mulholland, 1985; Short and Cooper, 1985; Allen, 1986; . A model for Canada goose developed by Dave Lockman, Mike Whitfield, Bob Jones, and Chuck Solomon for use in evaluating the Palisades project on the South Fork of the Snake River was modified for the Bonneville Dam area. Geoff Dorsey, a member of the Wildlife Impact Assessment HEP team, developed the spotted sandpiper model from a literature review for the Bonneville Project. These two unpublished models are included as Appendix B and Appendix C. Rationale for choosing these species can be found in the Wildlife Impact Assessment for the Bonneville Project, Oregon and Washington (Rasmussen and Wright, 1991) . The cover types that each species represents and the measured variables for each model are presented in Table 2 and Table 3 .
One additional cover type which was not covered in the loss assessment is present on the Straub tract. This cover type consists of an old homeibarn site overgrown with Himalayan blackberries. With future management, this invasive, non-native plant species will be controlled and the area will be reforested with Oregon white oak to reestablish the habitat finction historically provided by this plant community on south-facing upland slopes along the lower Columbia. Although the black-capped chickadee and other cavity nesters do not use this area currently, this species model was used to evaluate the site based on future management and subsequent use. The James and Burlington Northern tracts also have 3 acres each of Himalayan blackberries. These areas border the lake to the north and are proposed to be restored to riparian habitat. For these two tracts, the yellow warbler model was used to evaluate the Himalayan blackberry area. 
METHODS

Model
Mink
The primary sampling objective was to determine baseline habitat conditions for evaluating species identified in the Bonneville Dam Loss Assessments relative to the cover types. A GIs version of the cover types, developed in 1998, was ground truthed and modified where discrepancies were determined in the field. With the exception of one acre along the Columbia River, the areas classified as shrub/scrub were in fact Himalayan blackberry patches. A finalized GIs version of the cover type map is shown in Figure 2 . Table 5 . The HSIs that were developed for hture conditions were qualitatively assessed using these verbal expressions. Transects were selected to best represent a cover type. In each cover type, "micro" sites provided better habitat in some instances and in other cases, large areas were relatively homogeneous. In general, the HSI reflects the general habitat quality for each cover type.
In the wildlife loss assessment for Bonneville Dam, multiple species were used in some of the cover types to determine habitat quality. Refer to Table 6 for a list of cover types and the species which were used to evaluate habitat quality. 
Future Mnnagement
With future management, acreage of grasslandlpasture will decrease due to conversion of grassland areas adjacent to the wetlands to riparian areas. Pastures will be replanted with native grass and forbs. The HSI for the Canada goose may increase to fair (HSI = 0.4) with removal of reed canary grass and establishment of native vegetation surrounding the wetland. This will result in an increase in the food resources such as invertebrates, seeds, and tubers. Conversion to native prairie will benefit other species such as the northern harrier, western meadowlark, pocket gopher, and Bradshaw's lomatium. 
Future Management
Future management as described earlier should greatly improve the prey base in both abundance and diversity. The addition of riparian buffer zones along the wetland will also decrease the level of disturbance for the birds by providing refuge, muffling sound, and obscuring visibility from refhge activities on adjacent upland areas. It is projected that habitat quality for the heron will increase from marginal to good (HSI = 0.6) as the habitat improves over time.
LESSER SCAUP (wintering) Baseline Conditions The lesser scaup (Aythya affinis), which was one of the more numerous diving ducks found in North America, is now declining within its historical range. This species commonly frequents open water habitat characterized by little or no emergent vegetation during the fall and winter. Even though pelecypods make up a large portion of the bird's diet, the lesser scaup may also feed on fish, macroinvertebrates, and to a much lesser extent, plant matter (Mulholland, 1985) . The HSI model assumes pelecypods to be the mainstay of the lesser scaup's diet, as the driving variable for determining the HSI is the percentage of area which supports pelecypods. No pelecypods were found from 54 random samples taken in the lake. Furthermore, only two scuds, one snail, and numerous midges were found in the lake and wetland. The HSI for the lesser scaup of 0.0 reflects the unsuitable conditions on the four tracts for the lesser scaup and other diving ducks which prefer open water habitat.
With conversion of the permanently flooded wetland to a seasonally emergent wetland and removal of reed canary grass, food resources will increase for many wetland dependent species, but will remain undesirable for the lesser scaup with only a few acres of open water available for foraging. Conditions for the lesser scaup will most likely remain poor.
SPOTTED SANDPIPER Baseline Conditions
The spotted sandpiper (Actitis macularia) is a migratory shorebird occurring on the margins of sparsely vegetated sandy ponds, sea shores, and rocks bordering streams. This species nests in various areas including grassy upland areas on islands; grassy, overgrown gravel bars; or in high sedge grass patches close to water. At present, suitable habitat for this species is absent from the study area. The shores of Steigenvald Lake are colonized with reed canary grass and only a few rush species. No mudflats or gravel areas exist for the sandpiper to glean invertebrates or other food materials. No habitat units were given for the spotted sandpiper.
Future Mmngemenf
With removal of the reed canary grass and the subsequent management of Steigerwald Lake to a seasonal wetland, it is projected that more shorebirds will use the lake edges and mud flats to forage. Conditions may increase to an HSI of 0.2.
BLACK-CAPPED CHICKADEE Bnselzne Conditions
The black-capped chickadee (Parus atricapillus) inhabits forested areas. This avian species gleans insects from the ground to tree tops and nests in tree cavities. Optimum conditions (HSI=0.9) for the foraging and reproductive needs (2 or more snagslacre with a dbh of 4 to 10 inches, canopy closure between 50 -75%, and overstory trees > 49 ft) of the black-capped chickadee and other cavity nesters were met.
Futzrre Managemerj f
Conditions for the black-capped chickadee are projected to be maintained through refuge management practices suitable for the maintenance of the mixed oak forest. In time, with removal of Himalayan blackberry and reforestation, additional habitat will be available to the chickadee.
Other species benefitting from a functioning oak plant community include the white-breasted nuthatch, yuma rnyotis bat, and Bewick's wren.
YELLOW WARBLER Baseline Co~~ditior~s
The yellow warbler (Dendroica petechia) is a breeding bird found throughout most of the United States. This migratory songbird generally inhabits wet areas with abundant shrubs or small trees and utilizes species such as willows and alders, and other hydrophytic species for nesting. Nests are generally placed 3 to 8 feet off the ground and rarely exceed 40 feet. The yellow warbler's diet consists mainly of insects. The area modeled focused on a narrow band of cottonwood, willow, and a species of non-native locust growing up through the riprap lined edge of the dike bordering the Columbia River. The lack of adequate shrub cover composed of hydrophytic shrubs resulted in a marginal HSI of 0.3 for current riparian shrub habitat. Because the area modeled was covered with an artificial substrate, i.e. riprap, it could not be considered a true wet or riparian area capable of sustaining the viable plant community assumed in the model. The yellow warbler model did not take into account an artificial substrate. Best professional judgement indicates that the HSI is closer to 0.1.
Future Management
Future habitat for the yellow warbler will likely result in an increase in quality as well as quantity, assuming implementation of the following restoration alternatives. The understory of current habitat will be cleared of Himalayan blackberry and the remaining portion of area between the dike road and riprapped bank of the Columbia River will be replanted with willow, cottonwood, red-osier dogwood, and rose. Although this area will improve for such species as yellow warbler, a full knctioning riparian area will never be restored without removal of the dike. Conditions for the yellow warbler and other riparian dependent species will probably remain poor (HSI = 0.2) along the Columbia k v e r . About 16 acres along the southern edge of Steigerwald Lake will be planted with willow, cottonwood and other riparian species. The habitat for yellow warbler here will likely increase to 0.6 HSI.
M m Baseline Conditions
Mink (Mustela vison) are semi-aquatic predators generally associated with streams and riverbanks, lake shores, and marshes. Brushy or wooded cover is important to the mink in providing foraging and escape cover and potential den sites. Potential habitat quality in a small wetland basin is assumed to be a knction of the canopy closure of woody and persistent herbaceous vegetation within a 328-foot band adjacent to the basin and the presence of surface water (Figure 3 ). Aside from a few rushes, the perimeter of the lake is composed of reed canary grass and patches of Himalayan blackberry. Since water is present year round, lack of cover determined the poor quality of habitat for mink (HSI = 0.2).
Future Mnnagement
Removal of Himalayan blackberry and teasel (Dipsacus hllonum) from the shoreline of the lake and reestablishment of riparian vegetation will increase the HSI for mink by providing more cover for the mink and its prey species.
HEP survey results and BPA habitat unit credits for baseline conditions and future conditions with management are summarized in Tables 7 through 1 1 .
SUMMARY
At present, the four tracts provide poor to marginal habitat conditions for all of the evaluation species except the black-capped chickadee. The 14 acres of mixed oak forest provide optimum conditions for this guild. Future management, which includes maintenance of the existing mixed oak forest and possible restoration of what is now developed/blackberry to white oak savannah habitat, will provide more acreage for this species and other cavity nesters and result in an increase of HUs over time. Past management practices such as cattle grazing, draining of wetland areas, and ground disturbance activities have contributed to the establishment of exotic plants such as Himalayan blackberry and reed canary grass and have mostly eliminated the historic riparian zone. With elimination and control of the exotic species and establishment of a healthy riparian corridor along wetland areas, habitat conditions will improve to fair for most of the evaluation species. Conditions for the lesser scaup, a diving bird which feeds in open water, will probably never exist in the study area. Foraging for the great blue heron, Canada goose, and spotted sandpiper will improve as native plant diversity of the grassland increases, reed canary grass is removed or controlled, and the lake is returned to a functioning, seasonal wetland. Finally, establishment of riparian corridors along the Steigenvald Lake wetlands and Columbia River will greatly benefit the yellow warbler, mink, and other species associated with the emergent wetland and open water habitat by providing cover and food.
Steigemvald Lake and Buffer Zone Figure 3 . Area evaluated by the mink model. 
